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When drawings, specifications, and other data prepared by the War De- 
partment are furnished to manufacturers and others for us« in the manufac- 
ture or purchase of supplies, or for any other purpose, the Government assumes 
no responsibility nor obligation whatever; and the furnishing of said data by the 
War Department is not to be regarded by implication or otherwise, or in any man- 
ner licensing the holder, or conveying any rights or permission to manufacture, 
use, or sell any patented inventions that may in any way be related thereto. 
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Jnited States within the meaning of the Espionage Act (U. S. C. 60: 81, 32). 

nnsmission of this document or the revelation nf its contents in any manner 
»uthorized person is prohibited by law.   (AR 380-5, paragraph 17 b.) 
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TMT OF 1/36-6CALI MODEL OOOOTIA* BAtJAOB BALLOOa. FO* KffB 

PaTLATIT AM) PIUT1D |WM| WITB UK« AW) Stall n«, 

(nv-foof win» TU««, TBST WO. 277) 

Tbo Goodyonr barraga balloon aodola «hioh woro aubadttod by tho 

Ooodyoar Tir» and Rubhor Company «or« toatod to dotamlno tholr longi- 

tudinal and dlroctloaal atabillty. 

Too dlfforoot onrolopna wore uaod. oao to r«pro«ant tho low-alt it udo 

or daflatod condition, whllo tbo othor roproaontod tho hlgh-altltmto or 

dllatod condition.    Tbo doflatod oorolopo «aa tortod with only «nail fin». 

ohoroaa tho dllatod oawolopo «ma tottod with both ■■all and largo fin«. 

Finally a auapwcalon ourtala waa addad to tho nodola to dotamlno lta 

•ffoot on stability. 

Rosult« of thoao toota lndicata that tho dlUtod anralopa with tho 

largo flna la dlrootlomally atablo about tho flying oablo Junction at 

0,  *10, and »20 dogrooa pitch throughout tho raago of yaw aagloa toatod, 

aaawly -20 to »20 dogrooa.    At ioro dogrooa pitoh tho dogroo of dlrootioaal 

atabillty la owall for aagla« of yaw from -8 to *2 dogrooa«    Tho nodal la 

longitudinally otablo throughout tho raago of pltah aaglo« toatod» «20 

to «20 dogrooa» 

Tho dllatod oiwolopoa with tho aaall flu 1« dirootlonally atablo 

aboot tho flying oablo junction at «10 dogrooa piteh for yaw angina fro« 

•CO to «20 dagraco.    Par a pltah aaglo of olO dogrooa tharo la a raago of 
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neutral directional «tability fro« -2 to *2 dnmi yaw. At HN degree» 

pitch the «edel 1« unetable directionally fro« -2 to *3 degree« yatr. Tha 

■edel la longitudinally «table about tha oabla Junction for all engine of 

pitoh «€0 to *20 degree, except for a ranga of pitch eagle, fro« -2 to *2 

degree., whara tha nodal la .lightly «notable. 

of tha directional atabllity of tha daflatad cnrelope «1th 

that of tha dilated anrclopa. aaah «1th nail fin., .bow. a .light 

1B atabllity far tha daflatad envelope. 

Tha additien of eu.pen.lon ourtain to hath tha dilated and deflated 

lopae with a«all fine, eeneed a alight redwetloa la hath tha diraatiom 

and longltodinal etablllti... 

an» AID fuen of gg 

0 

Thi. te.t wae coadueted in the fl«a faat «lad 

let to 10th and fro« »rah 15th to 19th« 1*1. 

at Fright Field 

L. 4 

1 

The ahjaat of thU teet «a« to determine the aerodynamic 

of tha Qaodyear barrage be1Icon with different alia fine. 

DMCMFTIOa OF MW1, 

tl< 

. 

rhe enrelopa and fine «are aade ef «ahegaay and th« envelope 

•at to a «all thlekaaa. of appreslaately .* lath«    Tha envelope 

ing tha daflatad condition had a aaxlaiai dlaawter of d.57 laahee and a 

length of 26.99 Uahoe.   Th« dilated «are lope had a nail no. dlaaater « 

9.10 lneaee and a leegth of 25.83 laahee«    »or Urge fine and four en» 11 

fine «are ueed, «1th tha «aw aete being Interchangeable oa the tew 

•lopee.    Tha .ease of the flaw ware aa.de to ran parallel to tha eon- 

of tha envelope at tha point of ettaehewnt.   Th» «ae 
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repreaented on the asdela by en altalana alley strip or. either aid«. 

Til« detail« of thaw« atrip« oan be seen in «he photograph«  included at 

tha end of thia  report. 

The aodela wore aeunted on the I.P.L. balance by o l/\b inch dleast er 

■pindle attached at the eeater of buoyancy of the envelope or referred to 

later in thle report ea the "GJU" or "center of rotation."    The C.R. of 

the dilated «odel «ma located 9.95* iaohee aft of aoae en the oenterline 

of the envelope aad 10.520 lnohea aft for the deflated envelope.    The cable 

Junction about «hieh the fall a cole balloon la expected to be flown,  la 

6«00 lnehoa aft of the aoae ef the nedel end 10.00 lnchea below the center- 

liee ef the asdel.   The teat airspeed wee 50 adlea per hour for ell tetta. 

far eaeh ef tha eoaditloaa teated eroaa wind foree, dref. aad yuvlas 

■i—ta about the Cat« «ere ebeerved for a renge of yaw anglea fro» 0 to 

«SO degree«) with the «»del aet at 0, «10, aad ♦» degroee pit oh.    The andel 

«as ayeaaatrioal in all four quad rente for the teat a without the auapenolon 

evrtaln, henee the pitching aoawmts ware not «jeaaured but werely aaeuawd 

to be equal be the eerrespeading yawing aoasnta.    With the auapenaloa eurtelr. 

did aet exist, heaoe tha ex>dol >aa also teated for etteoftw*. thia 

pltehing aawaanta a« well aa lift and drag.    The mage of piteh aa«lea 

* «*•«*> 

V 

9 to «80 degrees at sere degi 

feet« were amde to deteradna support interference end dote were 

oorreeted far theee effects. 

ttMMJMj or 

1 
The first awdel condition touted ana the dilated envelope with largo 

, graphs 1, t, \ U. 29. and 30.   The yawing 
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of buoyanoy of the enwelope are fciron on graph 1 while graph«29 and 30 

are a plot of the yawing and pitching ■wont« about the  flying oable 

Junction«    Sine« thle  point  la forward of the   center of buoyancy, on ln- 

orease in stability would ho expected.    Tho aodel la dirootlonally atoblo 

for thla condition, graph 29 for yaw eng las fro» «20 to *20 dogreee, at 

0,  «-10, and oao dagrooa pitch.    Tho pitching aoaont carro on graph JO 

lndiaatod tho aodal la  longitudinally stable for tho range of pltoh angles 

tested,  «20 to  *20 dogroee.    This  curre has Tory little slope  in tho roglon 

of sero dagrooa  pltoh,  hewrror the balloon la expected to bo flown at 

approximately *1* degree« pltoh, whore tho slope it «atlsfaetory. 

Tho second oondltion teetod woe tho deflated envelope with aeall  fine, 

graphe S,  6, 7. and 8«    Be transfer of aanerte wae undo for thia oondltion, 

but cmporlsena eon ho aado bw «alog the anaanta about the oontor if 

buoyancy, whleh are plotted«    Sufficient data are given la thie report 
a 

to obtain tho Teeters and traaafer ef unworn« for any condition tooted* 

Tho third oondltion «as fer tho dllatod envelope with oaall fine, 

graph« 9. 10,  11. 12,   11, and 52.    ~.reph 9 la a plat of the yawing 

aaaonts about the «enter of buayaney while graphs  31 and  52 are aosesnts 

about the  flying «aalo junction.    Inspection of graph 31  shoes the nodal 

la dlreetionally atabla at «20 degrooe pltoh for all yaw nngleo.    at  10 

degrees  pltoh it la etable except  for a range of yaw aaglea froa «2 to 

«2 dagrooa, ohora tho  stability la a boat neutral.    At 0 dagrooa pltoh 

tha aodol la uaatahio for yaar aaglea froa -2 to +2 degrees but eatls- 

faetory for tho larger one lee.    Tho pitching aoaant  eunro on graph 32 

Indicates satis fa et or/ longitudinal  atablllty far all pitch any lee to* tod, 

•ft those rra« -2 to «ft dogreee.    A eooaaarlaon of .rape* 9 and J 

BtSIK     ) 
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* glicht increase in directional stability for tht deflated envelope. 

The fourth condition was tho «an» aa condition throa, dllatad oaralopa 

with mall fine, but a auapenaion curtain wea plaood on tho aldoa of tho 

■odd, rrapha t| through 20.    Comparison of grepho 9, 13, and 17 Indien*«« 

a slight roduotion in both directional and longitudinal steblllteee du* 

to the addition of the suspension curtain. 

The laat condition «as ths deflated envelops, with «mil fins and 

suspension curtain, graphs 21 through 29«   Aa in tho previous condition 

tho suspension curtain ceased e slight reduction in directional end 

longitudinal stability.    Thla is shown by a ooaparison of graph« 5, 21, 

and 25* 

ooyq,B8Xo«B 
so. 

(1) Both directional end longitudinal stebilltic« ere definitely 

laproTcd by the larger fin«, however the snail fin« should provide 

sufficient stability about tho flying cable Junction, if the balloon 1« 

flown at a pitch eagle of approrinetoly ♦!} degree« cr wore. 

(2) A slight increase in directional and longitudinal    stabilities 

should exist for tho deflated envelope over the dilated envelope pro- 

vided the pitch eagle dee« not decree«e ea the balloon ie lowered. 

(3) Addition of the ■«sponsion curtain to the nodel tends to reduce 

both directional and longitudinal stebllltlos slightly. 

. 
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WIND TUNNEL NOMENCLATURE 

»diameter of Wind tunnel at test section as 5 ft. 
■■wing ana — sq. ft. 
«■ wing span—ft. 
»mean aerudynamk chord—ft. (m. a. c.) 
—- equivalent monoplane aspect ratio 
us angle of attack of longitudinal reference axis to wind—deg. 
■= angle of yaw relatfre to wind—deg. ^ 
■■angle of rudder relative to neutral position—deg. 
«=■ angle of elevator relatfre to stabilizer—deg. 
■■angle «if stabiliser relative to longitudinal reference axis- de* 
■* airajjui—ft per tec. 
« airspeed--tn. p. h. 

-.lifte»effkiem«-Lift/qS 
a drag coefficient « Drag.'qS 
■■ crotn wind forte coefficient =» Cross-wind force /qS 
— Prandtr» wall correction for angle of attack 

?7JßQ i    I   b 
(1 + 

16   \  4  f 2*d* 
■» PraixhT» wall enrreetwm for drag coeffkirnt 

+        J 

sc.» 
n + ■S-(T)'H +. . »^ • . 

ACV*# 
AAVAJ. 

2«d* 
«■tuft/drag   ratio *» Ci/C» 
*» prtrtsing moment roeflicieat e* M/qeS 
«« vawutg moment coefficient o> N/qhS 
ma rolling moment coeffkirnt a: L/qbS 
* »lope of "pitchinic moment versa« angle of attack'* carve at trim 
■■alape of "yawing moment verton angle of jaw" curve at rer<- yaw 
=a slope of "rawing mmnrnt due to rudd<r v^au rtiddrr angle''rttrve at aaro rudder angle 

drag coefficient — ■ •» 
»     K MAR. 

drag coefficient 
parasite drag coefficient« fjp — i Cot + 
equivalent flat plate area an Co» S/IJ79 

a profile Ca. 
C 
A. 
'"native distances are iqsnream. upward and to right viewed from the rear 
Pcsvjrive forces art down<rrran, upward and to right viewed from the rear 
Positiv« pitching moment is a stalling moment 
PosJrive yawing moniant is clockwise viewed from above 
Positive rolling monwnt Is clockwise viewed from the rear 
Positive angles arc in the »ante direction at moments 
Positive stabilizer setting is with leading edge up referred to longitudinal reference axia 
Positive elevator setting u with trailing edge dawn referred to stabiliser 
Pothive rudder setting is with trailing edge left referred t" neutral pnattion aad viewed Irr*» the rear 
Angle of attack of thrust line is referred to wind 

WK«k«fM«a.ii-ei.ta> DrOTDlPTDn       MM Aug. I. IStT RESTRICTED 
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TAKItni 
OOODTBAI BAXRAOE BALLOOI 

' 

raune oonmoi • h tun PI» 
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• 
MD«rrS ABOUT GABT« JWCTIOW 

$0 M.P.B.   (Sfd-Alr) 
T.1 »• 277 

WPifht Fftftld,  January 6,  19*4 
Plotted om 29 «ad 90* rivrvvwu   üB   w»y»   t7   ■»»   ?*• 

Angl* 0* Pitch ♦10« Pitch ♦20» Pitch 
«r 

Taw Tawing Tawin* Tawing 
DagrcM Moaant Ibaant Hemmt 

Lb.-In. Lb.-In. Lb.-In. 

0 •00 .00 •00 
«i -17 -1.10 

S -I.32 -1.60 -3.35 
-«.97 -e.6« -5^9 

20 •4.22 -4.53 -9.61 
15 »12.50 -11.70 -I6.O5 
9» 

4 
-20.96 -20.56 -21.62 

♦.66 
2.16 

♦1.03 
2.16 

♦1.56 
3Ä 

-6 
-10 

5.65 
6.76 

3.87 
7.06 

5.37 
9^3 

-15 12.61* 12.7U 16.22 
-20 22.07 21.58 20.9U 

iVgl* 
of 

Pltah 

0 

it 
10 
15 
20 

3 
»10 
-15 

o»ti» 

Pitahln« 

Lb^In. 

-»3.7O 

2.89 
•31 

-3.82 
«10.23 

i« 

■—* 

♦i*35 

4^7 
9.12 

12c96 
21.82 

I 

0 
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■um ABOUI CABU jcicrioi 

50 H.».H.  (Sf.-olr)                                                    »right 
To«t I». 877                                                                Plottod 

Fiold,  January 
on Ompho 31 

10. 
MO 

19U1 
52. 

>*/,* 

"¥ 

0* Pit.h 

Towing 

UofJ»* 

.00 
Ml 

♦10« Pitch 

Twin« 

U>.-In. 

15 

-10 
-15 

. 

♦.11* 
1.18 

£*> 
8.01 

litAl 

.00 
♦»06 
-.15 
-5« 

•««98 
-7*08 

-*4I*19 

♦.83 
•89 

1.57 
oj*t3 
8.28 

15*08 

♦■8* Pitch 

1>*»I«. 

.00 
-.16 
-.61 

•1.19 
-5.19 
-7.68 

-13.8U 

♦•55 
1.15 
1*97 
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■ «•itiiitiiiiiiiiiii •lUiMKiinniMMfitaimiiiiiMMi» aaaaaaaaa« 
llllllliltlMMI IIMIII ■•••IMIIIIIIIIM IIIMMtMO 
 •••«• uim« «MtatiilttMiMiilIiiiiMiiiliii iaaa» a>aa. 
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■ - ■>•• ■■••• . ■• »• m»i •«••■ • . . ■ ■ ••«••••••• ••••• ••••■**•■■ 
■ •■>•>•■■■•• ■■■•■■■••>« •*••••■■•• •>■■••■••■■■••*■••■• 
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••«■«aaa.B«Ba»B«««aa. aaaaaaaaa« • aaaa a*a»a aartMta aaaaa BIBB« •■•• 
I •■■••■■••• il«NIM««*HIIIIIII •■••■■•■•• •**•• •*••••••*■■*•« 
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*»••••■•■•■•■*•■•■••■ •■•••■IIMI»4llfll*IIM IIIMllii)' 
4  ■••■*••■•••■•■•■■•■•  ■«■••■•■■• ■■■>•■■■•• •••••*•••••••••••■*. 
a ■■■■•■■••* •■■■■■■•■■ •■a»'  »*•■• tlitiMIM ••••••»■«a IMMMMI 
a ■■•••••••■••■••••••• ••■■■ • ■••* ••■•»■■■■•■««■■■«•■■aaaa««««a. 
a aaaaa a ■ • ■ • aaaaaaaaa a •■••- •• a ■ • •••••••■•• « »• ■■••••■ »■ ■ •■ •••■a 

{»••••••la•• •••••*•»*•• 
M a a • •«•• •• 

■MM •••>«•••••>•••>*•>••>«•>«• MaM • **•*» *• 
• •• ••••■••••a lainiiiii a •••• ■ ••«* •■ 

• ••■••••■••«•■•••••••■•••••••••••■• 
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■ tltlMI IMMItlfl •«••aaaa«* n«tl|ll|i 
■ a a ■ ■••• ■■•••*•••• ■••*•«•■••  I !••■ 
• ■■MltlMMMMMIMMIIMMMMIMll 
■•■»••••»•••■■•••I■••■■■•■••• •••*>•••■• 
a aa aaaa« a aaaa* ••••• aa••••aaaa IMAMMI 
:•■"*••• ■"»••••••••••••«-»•• •••••Stilt* 
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• •a      ■  ••■••■•• MMIMIMMIMI MMUMi •■•••■■••■ M> II IM* IHIIIIItMilMMI  a a a a a a a«i ••«••■ MM ••••••••*• 
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' ■•■MlMiliMIM •> I iMiiiniMM     • ••• *•••••■•••••«■■••••• ■■••••■••- 

a • ■••• aaaaaaaaa*»ate«*■ ■••■■aaaaM*«* aaaaaaaaa«aaaaaaaaa..aaaaa..a..aa»     «.a a • aaaaaaaaaaaaaaaaaaaa •••••••aa. 
a ,  iiiiniiMMM •«•«••aaaa •■■■••■■•> «aaaaaaaa*«aaatBaaaa ■••••••••a lit-  a «aaaa •••••••••a IMMMMMMiiMMi 
■ ■  '*•■••••■••••• MMMiiii • •««■•■aai a a aaa aaaa« ■■■•■••••* •••••••••• <•'   IMMHMIM IMIMIMMMMMM> 
••»-•• MMMMII •*•••■■■■* ■••«■•••■i iiiiiMMi ■■•■••••«•■■•■•■■••*  a». MMMMIMIIIMIMtlllllllMMMMii 

a■ ■■     •«•••■■■•••••••■aaaa*aaaaaaaaa,   aaaaaaaaa* aaaaaMaa* aaaaaaaaa «aaaaaaa*aaaaaaaaaaaaaaa*«««*aaa«aaaaa. 
KMililMMM a*aaaaaaa■««•■aaaaa aaaaaaaaa.  aaaaaaaaaa aaaaaaaaa« aaaaaaaa. •••■•••ai »aaaaaaaaa aaaaaaaaa« ••••>•■■••■ 

• •• •■■•••■■■•       «■■■■■■■■ ■ •■■• ••••• ■••■••■■•■••■■■ •••■«l«ltl(llttt*llll(>   ' •  •••■•■.»■* IIIIIIIIMIIIMIIMI ••••••■•■■ 
?■■ ■• •••■•■■■•• **a**aaa*a«aa*«a«'t««*aa»*«a«aaB*aaaaaaaaa*aaaBaaaaaaa'«.aaaaaa>aaaaaaa**aaa*a««*iaaaa**a*«aM>*a 

• ••■■••■■■■•■a •■. *•■•••• •■•••••••• ■■■■■•■■•> ••••••••■••■•••■••*••••••' «••• •••■a••••••••••••••••■•••••••*••■•••••■< 
• a • ■   *••••■•••••■••   •••■•••■■•••■•••••••• •••••  aaaaaaaaaa••■•■••■••••••■  «•*•■ ••••aaaaat   inn ■••■• ••••• • • a* • ■•■•■•••■* 

,..,,..  ■■■ ••« a IMIMiM aaaa»     aaaa aaaaaaaaa« aaaaaaaaa.   **.***a*aa •aaaaaaaa* ««a        ••■••••••        • ••• a. aaa aaaaaaaaa« ■■■■•■■■■• 
•«••aiiitiiin■■■•■■■••••■•••».  • ••••••••■■■•••«■•■••••■*•••••••■•••■i•••••■■«■•■■■•■■•••■•».••••••••••■•■«••    •■■•«•■••■«•■■• aaaaaaaaa«••a. - 
•••••■ •■■•■aaBaaaaa. aaaaaaaaaa* '•■■•■•«••aaa*««.     ••aa«««*««a«aaa*aaaa>aaaa«aa»a*a*aaa***>        «••aaaa«a •■■•■■•«•. ■■■•■•■•■•■•■•■■•■■■■■■aaaaaaa 
••••••■■■I MM> ■••■••■•■••••*••    M IMIMMI . ■  IMMIMII.  IMIIIMMIIIIIIII ■••■••■•a •••••••a     <MMnii i in • 
laaal•»■••■•     a' •••aaaaaaaaa a   'aaaaaaa  aaa■a••••*».     ■•••••■ aaaaaaaaa     aaaaaaa..«.aaaaa •.aaaa* aaaa• aaaaaaa«  a* -aaaa••••• aaaa* aaaa« * a a a t a a a a■ 
■*•a a a«» aa ■•   .  ■ ^aaiaaaaaaaa« a.  aaaaaaa  aaaaaaaaa« aaa.     «aaaaaaaaa aaaa.  •■■••■«■•a a--a     aaaa« aaaaaaaaa«  aaaaaaa     a •••a«a«aa«««>aa«a*a•••••••••• 
•••••■••■•■»••■••■•I••■••aa a a«  .  »a     laaaaaiaaa«aaaa**aaa«. •aBaaiaa«a.aaaaaa»a... . . aaaa•  ••aaaaaaa.  • aaaa a     «a     aaaa>aaaai*aaa«aaaaa«>a.«aaaa' 
• aaaaaaaataaaaaaaaataaaaaaaaaia     ••«•■■•••••••■••••••••••• * a. .aaa-  aaaaaaa ...aaaaaaiaaaaaaaaa.a.aa.«   .«•  , ••■■■•aaa*■•••aaaa«« aaaa•••■•• 

U:::::::::::!:J:::::^::::::::'.':.^:::::::::::::::::::::::::...: "•  " :...:::::::::::::::::::::::::?.:'.:::::t::::::::::::::::::::::::: 
a«a «a■■•■* ■■■•• •>••■ ■••■• a a a a • aaa <aa «■•• •••••••■•• ■••••aaaa« aaaaaaaaa  aa-«««aaa««aaa«aaaa> aaaaaaaaa« a a a • . a »  aaaaaataaaa. «aaaaaaaaa •••*•«■■• 
•»■•• MMMMllMMi •••••■•••a •■■> ••, ■■••■■•■•■•■•■•■•■■■•■•»•■■•■••■• aaaaaaaaaaaaaaaaaaaaaaaaa ■«•.*■ ••" <••  ••■■■••■•■•■•••■■••■•■•••■■■■•■• 
•>■■••••>••* ••■■•••••( ••■■■■•aaaaaaa »a ■ a •••■ ■ MMI a ••■•■■••a ■■■••■■aaa ■•■••••aaa ••■>■■■•••■ ■••••■■■•■ •• ■•  •••aaaaaa*aa«*aaaaaaaaa*aaaa«aaaa. 
•«•■•««••■• ■•■•■•••••■••■■••aaa ■■••< *••»■•••■•■•■■• >■••■•■■•• ■•■•■■■■ •■ ■■•aaaaaaa •••••■••■•■•■••••■■• a- a«, aaaa* ••■•••aaa* ■•••■•■■•••■aaaaaaa 

Wt«llll« aaa »• aaa a a aaaaa •••■aaaaaaa. a «   aaaaaaaaa.aaaaaaa». aaaaaaaaa. •••■a ••••• ■■■■••■••• aaa a a aaaa   •■  • aaa • • aaaaaaaaa« aaaaaaaaaa a •••• ••••a 
aa>« ■•••••• ■•••«••■•■ aaaaaaaaaa »aaa« aa >■.  aaaaaaaaa ■«MMMI. aaaaaaaaa. ■••■■ aaa a a ■■••■•■■•■■•••••••■  a«  iilliiiiiiiMiiaiili •  
«■Hi ■■■■■ ■■■■■■■■■a aaaaaaaaa* ■■■■■■•• •• a. ••■•■•■• aaaa.aaaaaaaaaaaaaa. •■•■■■••«• ■•••■•>•■■ •■••• ■•• . • a- .IIIMI' -i-n-a ,...MIMI> 
*•■«.••■• ■ Mil ■•■■■•■■■■ aaaaaaaaa, • -a«. Mill MIMIMMI  *■■••■•••■■■■■■•■■■•••••■■• ■•■• « a a • •• ■ ■  « ■ >•• a  • ■• .. I i> a a. a I «a  . ••■••• 
• •••■••MiiMiiiiiii •■•••■■• a* •■■•••■•■   •■. • ••■•■•••■••■••.■•■•■•••■<•■•■• ■•••• a aaaa ■•••••••■■•.••   aaaaaaaa   «a.«aa*a.«a.a>aaa«a  • ••*•« 
a-Bawa •>•••• •■••a ••• a ••••••■••••••••••••■ « *'1**> •*••••■•■• a ■••••••■•■•••••••■• ••••aaa •■■••■•■■■•••• •••-••••••■••   ■•aaaaaaa *>■•«••»■•  • a •••• ■ 
••■••■«••a inn aaa a a aaaaacaa a* ••••• ■•••■ •. «■ • a •■•• MMMMII ■••«■ ■•■•• «■■aaaaaaa ■■■■■■••■■ ••■' «aaa .a aa ••■■■■» i a •• a a !■ t. ■ a a •••• > .  ■ ••■•• 
•«■•••aaa« ••••■ aaa a« •aaaaaaaaa •••aaaaaaa la, ••••  •■ •••»•■•••■•••*••■■■« ■••■••■■•■■■■■■•■••■•■  «aaa.aaaaaaaaa«««aa..a.aa«aa*ai.-aiai  l   . »a»a 
■ ■•••••■a« aaaa« ■■■■* aaaaaaaaaa ■■•■■■■■■• ••». * ••■. • <■■■■•■«•• ■•■•a aaaa. •■•■••■■•■ «••••■■••• •  «a*-.aaaaaaa. aaa.•••«■. aaaaiaaa*taaaaiaaaaa.a<> 

■ ■•■■■■••a ■•••••>■■■. ■■•<:■■•■■•■■•■■■•■■■ ■••■••■  ••■■■>  «■••••■•••■■■■! ■••■•■••■*•■••■' .•■■••  MMM MiMMi I ■•••■■••■•■* «,#•••••' 
■ ■■■a••■■■•■■■■•■•••■■•••■•■•■■■•••■■■•■ ••••••••- '«••■•»  '  a aaaa. «aaai aaaaaaaaaa«. ■  .■■■■•-■■•■■■■••••••■••■• aaaaaaaaa« a'a-aaaataaaaa. aaaa 
■ ■■■■ ••••■ »aaaaaaaaa IIIIIIIIKI aaaa«aaaa   aaa* aa     ••  .     • ■    . aaa aar •>  ..■■■•••   IIIIIMMMIIIIMIIII>III|| MiiMIIMinMi' 
aaaaaaaaaa a aa a a aaaa. aaaaaaaaaa »aaaaaaaaa ■•■■•■■■aaa.  •■■■■■■■ ••   "-'        aaaaaaa«'  a a a a a a■••••a a« ,■••■•a aa . ■•  «-aaa   -■•••••*■•••••••• 
IMllWt' ••••••••■• ••«•>•■••••■■••■•«•■••■■•■••>■■■■•.•» ••■••••••*  ■••- .••■•■•■*•■•••■». ••••••■■•■aaa ■•«•■■•■•••■    .# a    ~- . •• . «a  ••■■•■■•a 
aaaaaaaaaa «aaaaaaaaa ■■aaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaa*.    a* ii.ai •••aaaaaaaa-    .■••••■■■•■■■■■■■•••■■■■■•■••  ,  ■„    ■•■•■••••'  ■  ■•■••■ 
• ■•••■•••a ■■»■• •«■■I ■•••■■■•■■ •■■••■■■■•■■•■■■•■•■■•■■■•■    ••«'•■••••• •«■■••■-"•»   .•••••••■••■(*■•■•■■•■••■• at aa« •  a a .   • •• a a  .   a a «aaa - 
■ •••■••■•a •■•aaaaaaa ■■•»«■■•■•■•«•••••■■•■■•■■■••■■•■■■«■•)•••    -  "••'•■■-  -    .•■■aaaaaaaaaa   •■•••■*•>•• ■•■•-■•   .  ■■ a  ••••••••*   • ■••••• 
.aaaaaaaaa a aaa a a a a a • ■ •••■• •■••• ••••■•■•*■ aaaa« aaaa* ■•••*•■••■ aaaa. . ,»•   ••MMIMIMMMMIMI:  a«aaaaaa«a»aa»  .  .a. *aa . a aaaaaaaaa*  •.*. • a •• « 
• «IMaa a a. aaaa« ••••a■»•••••••■■•■■••••■• aaaa» aaaaaaaaaaaaaaa aaaa.■■•«« .aaaa aaaa« aaaaaaaaaa a  a-a». .a aaaa a a  aa' a  .aaaaa.aaaa*a a aa a a•••a aa aa ■ 
a ■•■a ■••■•■•■■•■•■•■■■■••■■•••■•••••■••• ■■■■■■■•••••■■*■•■■■■■■•■ •••»• •■••• ■••■••■••■■■••■ ar*aa ■•■••■■••)•■■■«• ••■••■■• ■•■■■•■ •■■■••••■•••• 
• ■•«••■••I aaJ-aa aaaa* •*+%•aaaa. aaaa* a»a aa ■••«■■•aaa aaaaaaaaaa aaaa..aaa. aaaa*a*»aa*aaa.aaaa> aaaaaaaaaa aa aaa a a ■ j  a..a.4aaa««aa«aaaaaaaaaa..aa.' 
■ ■•••■••■a ItlNIMIIIMIIMIIiMIIIIIMMMMMMMIMMIMIIIIIIIIIIIMMIIMMIMMtlllMIIIIMIMIIIIIMIMMIIiiniMMMMMIIIMIMII' 
aaaaaaaaa. aaaaaaaaaa aaaaaaaaa. aaaaaaaaa. a. aa«*«a.aaaaaaaa. .aaaaaaaaaa. aa. aaaaaaaaaaaa aaaaaaaaaaaaaaa aaaaaaaaa. a. aaaaaaaa aaaaaaaaaa««aa« aaa. 
■ •••■•■aa« aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa.aaaaaaa.a.aaaaaaaa. aaaaaaaaa. aaaa* aaaa* aaaa« aaaa* aaaaaaaaaa aaa* * aaaaaaaaaaaaaaa aaaaaaaaaa •■■■■•••■• 
■ aasa aaaaaaaaaaaaaaa aaaaaaaaa. ■•■«•■aaaa ■■■■■■■■■■■■■■•■•«•* aaaaaaaaa. aaaaaaaaaa aaaaaaaaaa ■■■aa aaaa. «aaaaaaaaa aaaaaaaaaa •■•aaaaaaa ..aaa.aaa 
aaaaiaaaaiaaaaaaaaaa■•■•■■■••■•■■••■■•■•••■■■■*•■•■■•■■■■■•■■••■■■•••■•••■■■■•■•«aaaaaaaa*■■••■«•■■■■aaaaaaaa*«aaaaaaaa«aaaaaaaaa.•Mlllltti 

aaaa* aaaa« aaa    * a a a a a a a a ■ ••••• a a a a a aaaa« a *aa «aaaa. aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaa. a«***»a . a » * • aaaaaaaaaa aaaaa.aaaa IMMIMII »aaaaaaaa* 
• aaaa aaaa* ■■••■ aa*«« *■••■••••• ••■••■•••• aaaa» •*•••■ ■•«••■■•••••■■••■■■■••■■•■■■■■ ■■•*■■•■•• ■•••■■■••■ ■••■•••■•• lilliiiill ■••■••••■•■•••••••■• 
:•••• aaaa* mil aaaaaaaaa) ••■•• a aaaa ■■■••■»■■• aaaaa.aaaa aaaaaaaa«! aaaaaaaaa« aaaaaaaaa. aaaaaaaaa« ■■•■■••■•• •■•«■••■■* «aaaaaaaaa .aaaaaaaaa 
•*•* aaaa*aaaaaaaaa* «■■«■■■•••■■••■■•■■•■•■••••«•■■•■■■■■■••■■■*■•■•••■•■■•■■■••■••■■■•■••■••■•■■■•••■••••••■•■•■■■«a«a. •«•«...■•(.■■■•••aa. 

•••■■■•aa* aaaaaaaaaa •MMIMMMIHIIIMUIMM MMM aaaa. aaa ■•••••■ aaaa. aaaaaaaaa« aaaaaaaa.«a«».••..a., aaaaaaaaaaaa aa a a aa* . aaaaaaaa« 
a aaaa« aaa a a aaaa■ aaaa • aaaaaaaaaa aaaaaaaa«« aaa «aa«a*a*Baaaa*««« •■■••■•■■••■•■•■■••■•••■■■■■■■ •■•■••■•a« •■•«■•••«■ •■•■■■•«•■•■•■■■«••■•«•••aaaa. 
i*aa • MMMMIMIIIMMI mm mm» ■•■•»■■••■ •■•••■■■«•aaaa* ■•»•■• ••■■•■■•■•raaaa IMMIMII M IMMMIM MHIM ■■••«•■••• «•«■•aaaa« 
aaava■•••■ ••■■■■■■■«■■■■■••«•* «aaa* aaaa*aaaaaaaaa« aaaaaaaaa« aa«*a*aaaa aaaaaaaaaa «aaaaaaaaaaaaaaaaaa« ■■■■«••■aiaasaiaaaa* •■••■•■■••■•«■•••aa* 
■ ■••>• ■•••■ inn mil a a ■•■■■■•* aar a * ■■■■• ■■■•■■•■■■ ■■■■•■•*■■■■••■••■■• •••■••••■■ •■■■■•■•■* ■•■■■■■■•■ ■■■••■•■••••■■••■■■■ ■■•■■■■■•• ■««•■■■■•■ 
a *M» - »a ■»• a aa« a ■••■■•■aa •■«•••■■•••)•■■■• aaaaaaa. «aaa« aim aaaa • aaaa a aaaaaaaa«. a«»aa ■■••• «aaaa ■•••• aaaaaaaaaa aaaaaaaaaa a aa a* «aaa. 
«aaa«. «a   >*.•■«■ aaa« a a aa •■•>-'  •   aaaaaaa a •■■a a- .• i   «a* a aa aa aaaaaaaaa    a ■ • a «aaa . ■•■•«•' «■     aaaaaaaa aaaaaaaa   a  . . ■ a a aaa aaaaaaaa      aaaaaaa* 
• «■Mt* ■■aat .aaaa ■•an •■■•■■ a*, a a» a» • a a a a a a a • • • • «a a a aa ■ a« «aaa* «■■•• aaaa • • •» ■• • a a a • a a a a «a , a • a ■ . a a . a a a ■ a a aa > • a a a a • a a a a * ■ « a a - «■••«■■• 
•MMM •■•■• ■■•■■■■••• •■•■■■«•■• ••••••■••• ■■•■••■■••a»aa»**a*» •••••a■••• •■■■■••■•a ««■•*•••»* ■•••■•«••. ■■■■aaaa.. aaaaaaaaa« ••aaaaaaaaaaaa'*««'* 
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•MM ■■•■• aaaa* ■■■• ■ aaaaaaaaa* aaaaaaaaaa aaaaaaaaaa ■«• a ■*«••• a «aaa •■••■ ■>• ••• ■ a aa a «aaaaaaaa. ••■aa aaaa a .aaa« aaaa* aa.a.aaaaa ■ « a« a aaaaa aaaaaaaaa« 

• ••■••■•a* ■•■■•■■•■■ ■■■•••■•■•■•«■■•aaa« HIIIIIIIIMIIIMMIMIMMIII aaaaa aaaaa •■■■•■•■■■ •«•■•aaaa* ••■■■■••■* «aaaaaaaa* ■■•■■■■•■■ ■■■•■•■■■• 
mm aaaa aaaaa aaaaa wmtm a a aa-aaaaaaaaaaaaaaaaa a aai*«a»*. aaaaaaaaaaaaa aa a a it-a  «aaaaaaaaa aaaaa aaaa. aa aaa aaa» a aaaaa aaaaa aaaaaaaaaa mm aim» aaaaa aaaaaaaaa* 
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TITLE: Five Foot Wind Tunnel Test No. 277 of 1/36-Scale Model of Goodyear Barrage 

Balloon for Both Deflated and Dilated Envelopes with Large and Small Fins 
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ABSTRACT: 

Wind tunnel tests were made on a 1/36-scale model of a Goodyear barrage balloon to determine 
the longitudinal and directional stability with different size fins. Results showed that both direc- 
tional and longitudinal stabilities are definitely improved by larger fins; however the small fins 
should provide sufficient stability about the flying cable junction, if the balloon is flown at a pitch 
angle-of approximately 4-13° or more. A slight increase In directional and longitudinal stabilities 
should exist for the deflated envelope over the dilated envelope, provided the pitch angle does not 
decrease as the balloon is lowered. Addition of the suspension curtain. to the motel tends to re- 
duce both directional and longitudinal stabilities slightly. 
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